Purpose: The aim of this study is to assess the influence exerted by the observer's dental specialization and compare patients' opinion with observers' opinion of the esthetics of maxillary single-tooth implants in the esthetic zone. Methods: Forty-one adult patients, who were treated with a single implant in the esthetic zone, were enrolled in this study. Eight observers (2 periodontists, 2 prosthodontists, 2 orthodontists and 2 senior dental students) applied the pink esthetic score (PES)/white esthetic score (WES) to 41 implant-supported single restorations twice with an interval of 4 weeks. We used a visual analog scale (VAS) to assess the patient's satisfaction with the treatment outcome from an esthetic point of view. Results: In the PES/WES, very good and moderate intraobserver agreements were noted between the first and second rating. The mean total PES/WES was 11.19 ± 3.59. The mean PES was 5.17 ± 2.29 and mean WES was 6.02 ± 1.96. In the total PES/WES, the difference between the groups was not significant. However, in the WES, the difference between the groups was significant and prosthodontists were found to have assigned poorer ratings than the other groups. Periodontists gave higher ratings than prosthodontists and senior dental students. Orthodontists were clearly more critical than the other observers. The statistical analysis revealed statistically significant correlation between patients' esthetic perception and dentists' perception of the anterior tooth. However, the correlation between the total PES/WES and the VAS score for the first premolar was not statistically significant.
INTRODUCTION
With a history of nearly 50 years, dental implants have gained a high reputation due to their high success rate. Numerous studies [1] [2] [3] [4] have reported similar implant survival and success rates for implants inserted in the esthetic zone compared to those placed in other segments of the jaws.
Albrektsson's criteria for success [5] are considered to be well-established and are widely used in clinical studies as a 'rule' for analyzing the success rate. For esthetically sensitive cases, however, these osseointegration-oriented criteria are not adequate. With osseointegration and restoration of function, patient satisfaction is a key factor in the success of implant therapy, especially in the anterior maxilla [6] . Therefore, Smith and Zarb [7] extended the criteria by emphasizing that a successful implant must allow for an adequately esthetic appearance. In 2005, Furhauser et al. [8] proposed an excellent index termed the pink esthetic score (PES), focusing essentially on the soft tissue aspects of an anterior implant restoration. This PES is based on seven variables: mesial papilla, distal papilla, soft-tissue level, soft-tissue contour, alveolar process deficiency, soft-tissue color, and texture [8] . Each variable is assessed with a 2-1-0 score, with 2 being the best and 0 being the poorest score, which results in a maximum possible score of 14 [8] . Furhauser et al. [8] suggested that the PES is a suitable instrument for reproducibly evaluating soft tissue around single-tooth implant crowns that might change over time and could be a useful tool for monitoring long-term soft-tissue alterations. Belser et al. [9] modified the previously published PES [8] and proposed an implant restoration index (white esthetic score, WES) in analyzing a single-tooth implant. In contrast to the original proposal, the PES/WES by Belser et al. [9] comprises the five variables. The suitability of the PES/WES index for the objective outcome assessment of the esthetic dimension of anterior single-tooth implants was confirmed [8] [9] [10] . We applied the PES/WES index for objective evaluation of single tooth implants. Furthermore, we used a visual analog scale (VAS) to assess the patient's subjective satisfaction with the treatment outcome from an esthetic point of view.
The aim of this study was to assess the influence exerted by the observer's dental specialization and compare patients' evaluations with observers' evaluations of the esthetics of single-tooth implants in the esthetic zone.
MATERIALS AND METHODS

Study population
Forty-one patients, 25 males and 16 females, who had been treated with single-tooth implants at the Department of Periodontics, Gangneung-Wonju National University Dental Hospital, between January 2001 and July 2009 were included in this study (Table 1) . Forty-one implants were placed in the esthetic zone (incisors, canines or first premolars), including 13 central incisors, 10 lateral incisors, 3 canines, and 15 first premolars (Fig. 1) .
The reasons for extraction of natural teeth are summarized in Table 2 . The subsequent prosthetic procedures were carried out by referral to the Department of Prosthodontics. The implant crowns were mainly fabricated in a dental laboratory of Gangneung-Wonju National University Dental Hospital. All patients signed a consent form to participate in this study. Approval for this study was granted by the Institutional Review Board, Gangneung-Wonju National University Dental Hospital (IRB 2009-14-2).
Follow-up examination
The calibrated observers consisted of two periodontists, two prosthodontists, two orthodontists, and two senior dental students. The questionnaires were handed to 8 observers in order to assess WES and PES scoring.
To objectively examine the esthetic outcome of the implants, the study casts and intraoral photographs were critically analyzed by eight observers according to two specific indices, the PES and WES, each with five parameters. Each implant site was scored together, following the order of the 10 PES/ WES parameters. Assessments were made twice with an interval of 4 weeks. To reduce the bias from the first viewing, the order of the photographs were reversed for the second viewing.
Cast analysis
The study casts were evaluated to facilitate the objective appreciation of the crown outline, volume, and surface texture, in addition to root convexity and soft tissue texture. A pair of study casts, produced in type IV stone, were fabricated for each 
Clinical photographs
Each implant was photographed with a digital camera (D80, Nikon, Tokyo, Japan) and a 105 mm lens (AF-S VR Micro-Nikkor 105 mm f/2.8G IF-ED, Nikon, Tokyo, Japan) with a ring flash (EM-140 DG, SIGMA, Kawasaki, Japan).
Photographs were taken at or slightly superior to the occlusal plane, centered at the contact region. For assessing anterior tooth replacements, the reference tooth had to be visible enough to ensure comparability. Standard clinical photographs (× 2, × 1 magnification) were taken at each implant site and at the contralateral tooth. The implant-supported restorations at the region of the canine were photographed to ensure comparison with the first premolar (× 1 magnification). At the region of the first premolar, standardized photographs had to include a full representation of the second premolar, which served as the reference.
Photographs were transferred to a 42-inch PDP monitor (XCANVAS, LG, Seoul, Korea). The clinical photographs were primarily used to assess general tooth/crown form, tooth/crown color, incisal translucency and characterization, as well as soft tissue color, curvature, and level.
Evaluation of esthetic treatment outcome
Eight observers applied the PES/WES index according to Belser et al. [9] .
PES/WES score
A score of 2, 1, or 0 was assigned to each PES/WES Parameters (Tables 3 and 4 ). Hence, the highest possible combined PES/WES score was 20, which represented a close match of the peri-implant soft tissue conditions and the clinical singletooth crown compared to the respective features present at the contralateral natural tooth site. The threshold of clinical acceptability was set at 6 for the PES and WES.
Visual analog scale analysis
A VAS is a measurement tool that can be applied to evaluate patients' subjective esthetic evaluation [11] [12] [13] . Our questionnaire evaluated to patients' satisfaction with the esthetics of an anterior single tooth implant using a VAS at the follow-up examination. We used a horizontal VAS bar 100 millimeters in length, with the left anchor labeled "0" and the right anchor labeled "100." The question addressed specifically the patient's satisfaction with the treatment outcome from an esthetic point of view; the range of possible answers went from "totally unsatisfied = 0" to "completely satisfied = 100."
The questionnaires were accompanied by simple and precise instructions for use. We provided an example to explain the VAS and asked the patients to precisely mark on a calibrated horizontal line his or her specific degree of esthetic satisfaction with single-tooth implant treatment.
Statistical analysis
All statistical analyses were performed using statistical software (SPSS TM , SPSS Inc., Chicago, IL, USA). Intraobserver agreements between first and second assessments were evaluated with the weighted Cohen's Kappa (κ). Kappa represents the observed proportion of non-chance agreement. The differences in the PES, WES and total PES/WES among the specialty groups were assessed with the Kruskal Wallis analysis. The Spearman correlation test was carried out to evaluate the relationship between the VAS and total PES/WES. To provide a graphic description of the results, scatter plots were created. The significance level of the test was set at P < 0.05.
RESULTS
PES/WES analysis
The intraobserver agreements by weighted Cohen's κ are listed in Table 5 . Overall, very good and moderate agreements were noted between the first and second rating. The greatest agreement of 0.941 was observed for orthodontist 2, and the lowest agreement of 0.526 was observed for senior dental student 2. The summarized mean total PES/WES scores including the standard deviations of the 41 examined single-tooth implants are presented in Table 5 . The mean total PES/WES was 11.19 ± 0.90. The mean PES was 5.17 ± 0.45, and mean WES was 6.02 ± 0.70. The WES was clearly higher than the corresponding PES. The mean PES (5.17 ± 0.45) scored below the threshold of 6. On the other hand, the mean WES (6.02 ± 0.70) scored slightly above the threshold of 6.
In the PES, the score for the mesial and distal papilla (mean scores of 0.63 and 0.62) showed the lowest mean score of all five parameters, while in the WES, the score for tooth form and tooth volume/outline (mean scores of 0.59 and 0.61) showed the lowest mean score of all five parameters (Table 6) .
Patients' and dental professionals' opinions
In the questionnaires, the patients gave a VAS score of 30 to 100 (mean scores of 86). The Spearman analysis revealed a statistically significant correlation (correlation coefficient = 0.472; P = 0.015) between the total PES/WES and the VAS score of the anterior tooth as shown in Fig. 2 . However, the correlation between the total PES/WES and the VAS score for the first premolars was not statistically significant ( Table 7) .
Effects of specialization
The mean total PES/WES was 12.10 for the periodontists, 10.61 for the prosthodontists, 10.44 for the orthodontists and 11.60 for the senior dental students (Table 5 ). For the total PES/WES, the difference among the groups was not significant according to the Kruskal Wallis analysis (P = 0.119). For the WES, the difference among the groups was significant according to the Kruskal Wallis analysis (P = 0.029, Statistical significance (P < 0.05). Table 8 . Statistical significance (P) according to Kruskal Wallis analysis among the specialty groups. prosthodontists were found to have assigned poorer ratings than the other groups (Table 5 ). Periodontists gave relatively higher ratings than prosthodontists and senior dental students. Orthodontists were clearly more critical than the other groups (Table 5) .
DISCUSSION
In our study, we demonstrated the intraobserver reproducibility of the PES/WES index with the Kappa test. For the PES/ WES, very good and moderate intraobserver agreements were noted. The PES/WES index is a suitable instrument for evaluating the esthetics around single-implant restorations. The PES/WES index could also give a more objective insight into esthetic results in daily practice. Furthermore, the index could be a very useful tool in scientific research.
In the present study, we demonstrated the influence of the observers' dental specialization on their perception of esthetics. For the total PES/WES, the difference among the observer groups was not statistically significant. On the other hand, for the WES, the difference was statistically significant. Prosthodontists were found to have assigned lower WES ratings than the other groups. In other words, prosthodontists were clearly more critical than the other observers in the WES. Periodontists gave higher ratings than prosthodontists and senior dental students. Orthodontists were clearly more critical than the other groups. Furhauser et al. [8] also reported that orthodontists were clearly more critical in their judgments.
Objectively, the esthetic zone was defined as any dentoalveolar segment that is visible upon full smile. Subjectively, the esthetic zone can be defined as any dentoalveolar area of esthetic importance to the patient [14] . Belser et al. [9] evaluated the esthetic outcome of maxillary anterior single-tooth implants using WES/PES. In the study, he reported that no statistically significant correlation was revealed between the PES/WES and VAS scores. However, in our study, the statistical analysis did reveal a statistically significant correlation between patients' esthetic perception and dentists' perception of the anterior tooth. On the other hand, for the first premolar, the statistical analysis did not reveal any statistically significant correlation between patients' esthetic perception and dentists' perception, as mentioned in several other studies [15] [16] [17] [18] [19] . This confirms the fact that the patients' esthetic perception of dental restorations differs significantly according to tooth region. The results of the present study highlight the importance of dentists' consideration of the patient's viewpoint when planning and assessing anterior single-tooth implants.
The mean PES was clearly less favorable than the mean WES in this study. This observation is also documented by the fact that the mean PES fell below the threshold of 6, which is the level of clinical acceptability from the observer's point of view. In addition, the score for the mesial and distal papilla (mean scores of 0.63 and 0.64, respectively) showed the lowest mean score of all five parameters. The scores were less favorable than those found (mean scores of 1.6 and 1.3) by Belser et al. [9] . This differences can be explained by the influence of the timing of implant placement and reasons for tooth extraction. Belser et al. [9] evaluated the esthetic outcome of early placed maxillary anterior single-tooth implants. However, in our study, the implants were placed according to delayed or late placement protocols. Choquet et al. [20] reported that the interproximal crest height determines the presence or absence of peri-implant papilla. In the present study, the most frequent reason of extraction was periodontal disease, which has led to severe marginal bone loss.
In the present study, except for the mesial and distal papilla, the combination variable root convexity/soft tissue color and texture was slightly less favorable than the other parameters. It might be difficult to attain a maximum score for this parameter because it consists of three different aspects to be fulfilled.
If maxillary anterior single-tooth implant therapy is selected, the patient must be informed about the esthetic risk associated with the implant treatment. It is very important to recognize patients who have unrealistic esthetic demands. Because of the complexity of working with hard and soft tissues in implant dentistry, it can be difficult to consistently achieve good esthetics. In our study, one patient who gave VAS score of 30 complained about a black triangular gap where interdental papilla were missing. He could not smile broadly due to this "black triangle." The patient had a thin biotype and high smile line. In general, a patient with the combination of a high lip line and a thin biotype is extremely difficult to treat and should be considered an anatomic risk. Therefore, throughout the consultation, it is appropriate to discretely evaluate the patient's smile line and lip movement during speech [21] .
Augmentation of soft tissue masks a defect without addressing the biologic problem and enhances the esthetics of an implant. In this study, three patients who received a connective tissue graft gave a VAS score of 100. Within this study, the connective tissue graft technique showed high patient satisfaction with anterior implant treatment.
In our study, we demonstrated the influence of observer specialization on PES/WES rating and a significant correlation between patients' esthetic perception and dentists' perception of the anterior tooth.
This study has limitations due to the number of observers and implants. Therefore, further studies encompassing a larger number of observers from every dental specialty group and a larger number of implants could help in identifying objective methods of measurement in order to assess esthetic quality.
